OBJECTIVE: To assess differences in waist and hip circumferences and waist-to-hip ratio (WHR) measured using a standard protocol among populations with different prevalences of overweight. In addition, to quantify the associations of these anthropometric measures with age and degree of overweight. DESIGN: Cross-sectional study of random population samples. SUBJECTS: More than 32 000 men and women aged 25 ± 64 y from 19 (18 in women) populations participating in the second MONItoring trends and determinants in CArdiovascular disease (MONICA) survey from 1987 ± 1992. RESULTS: Age standardized mean waist circumference range between populations from 83 ± 98 cm in men and from 78 ± 91 cm in women. Mean hip circumference ranged from 94 ± 105 cm and from 97 ± 108 cm in men and women, respectively, and mean WHR from 0.87 ± 0.99 and from 0.76 ± 0.84, respectively. Together, height, body mass index (BMI), age group and population explained about 80% of the variance in waist circumference. BMI was the predominant determinant (77% in men, 75% women). Similar results were obtained for hip circumference. However, height, BMI, age group and population, accounted only for 49% (men) and 30% (women) the variation in WHR. CONCLUSION: Considerable variation in waist and hip circumferences and WHR were observed among the study populations. Waist circumference and WHR, both of which are used as indicators of abdominal obesity, seem to measure different aspects of the human body: waist circumference re¯ects mainly the degree of overweight whereas WHR does not.
Introduction
It is generally accepted that not only obesity, but also the distribution of body fat, is associated with the development of several diseases. In particular, abdominal obesity, indicated by a high waist-to-hip ratio (WHR), has been shown to predict diseases such as hypertension, coronary heart disease (CHD), noninsulin dependent diabetes and stroke, and has been shown to correlate with other cardiovascular risk factors and increase mortality independent of body mass. 1 ± 3 It has been suggested that this excess risk with central obesity is primarily due to metabolic alterations caused by intra-abdominal fat deposits. 1 Different studies have shown strikingly different values of the WHR in different study populations. 4 These studies have usually investigated associations between the WHR and other risk factors, diseases and mortality, or described these associations in different racial groups, such as Caucasians, Blacks, 5 MexicanAmericans, 6 Chinese, 7 Micronesian Nauruans 8 etc. Many of these studies have not been population-based or have only investigated a very limited age range. 9 Also, different methods for measuring the circumferences have been applied. As a result, whereas the distribution of overall obesity in different populations is well documented in the literature, 10, 11 little is known about the distributions of waist and hip circumferences and the WHR, among populations in different countries with varying degrees of overweight.
The WHR is a ratio and as a result suffers from limitations in relation to its use in statistical analyses and its interpretation. 12, 13 Recently, some reports have suggested that waist circumference alone might be a better indicator of visceral fat accumulation and cardiovascular risk than the WHR. 14, 15 Waist and hip circumferences may re¯ect different aspects of body composition and distribution of fat and muscle. It is therefore relevant to obtain insight into population differences in these circumferences separately.
Abdominal obesity tends to increase with advancing age. Several studies have reported an increasing WHR with age, 16 ± 18 but few 19 have looked at the effect of age on waist and hip circumferences separately. The effect of age on abdominal obesity may, however, be confounded by the degree of overall obesity, since relative weight also increases with age. This has to be taken into account when assessing the effect of age on waist and hip circumferences and the WHR.
The main aim of this study was to describe the distribution of waist and hip circumferences and the WHR in different populations, and to investigate whether there were signi®cant differences in relation to abdominal fat distribution among these populations. Secondly, we attempted to quantify the associations between waist, hip and WHR in relation to age and degree of overweight. We investigated these associations in 19 geographically well-de®ned populations of the World Health Organisation (MONItoring trends and determinants in CArdiovascular disease (WHO MONICA) Project, which had measured waist and hip circumferences in their second cross-sectional survey from 1987±1992.
Methods
The WHO MONICA Project was designed to measure trends in incidence and mortality from cardiovascular disease (CVD), and to assess the extent to which these trends are related to changes in known risk factors. The project is carried out in 39 Collaborating Centres in 26 countries with several centres monitoring more than one study population. Risk factors in the WHO MONICA Project are monitored through three independent crosssectional population surveys. 20, 21 The surveys included random samples of at least 200 people of each gender and 10 y age group, for the age range 35±64 y, and optionally 25±34 y. This study presents data from the second surveys. Since waist and hip circumference measurements were optional in the second MONICA survey, only about half of the centres measured these items. The survey periods ranged from January 1987 to September 1992. In this study, the age range from 25± 64 y is considered. In Toulouse, only men were examined and it was also the only population which did not include the age group of 25±34 y in the survey. In Newcastle, the age group 25±34 y was studied in only three of the ®ve reporting units. The age group of an individual was obtained from the sampling frame at the time of sample selection. The overall participation rates for the populations included in the present study varied from 57±88%. The population sizes, participation rates and survey periods have been described in more detail elsewhere. 22 The recommended procedures for the measurement of the anthropometric variables were the following: Waist and hip circumferences were measured with participants standing without heavy outer garments and with empty pockets. Waist was measured at the level midway between the lower rib margin and the iliac crest, with the participant breathing out gently. Hip was recorded as the maximum circumference over the buttocks. Both measurements were rounded to the nearest 0.5 cm, except in three populations (Newcastle, Gothenburg and Novi Sad) where they were recorded to the nearest cm. All populations used the same standardized methods for these measures, except the Czech Republic which measured waist at the level of the umbilicus. Height and body weight were measured with participants standing without shoes and heavy outer garments. Body mass index (BMI), used for assessing the degree of overweight, was calculated as weight in kg divided by height in m squared (kgam 2 ). The quality of data on waist, hip, weight and height, has been centrally evaluated in the WHO MONICA Project. Any population with unsatisfactory quality of data or response ratè 50% for any of the study items has been omitted from this analysis.
Statistical methods
Age standardized 10th, 50th and 90th percentiles, mean values and standard deviations (s.d.) of waist and hip circumferences and the WHR, are given for the common age range 35±64 y in each population. Age standardization was used to remove the distortion introduced by possible differences in age distributions between the study populations. 23 Age standardized mean values were calculated using the World Standard Population, 24 as the reference population giving weights 12a31, 11a31 and 8a31 for the age group speci®c mean values in the 10 y age groups 35±44 y, 45±54 y and 55±64 y, respectively. Identical age standardized mean values can be obtained by assigning appropriate weights for the individual data records. In this way, the standard deviation and the percentiles of the`age standardized data' were also calculated. For comparison, the age standardized median BMI and height in the population are also given.
To assess the effect of age, unadjusted means of waist and hip circumferences and the WHR were calculated in each 10 y age group for the age range 25±64 y (35±64 y in the population which did not include the youngest age group) in each population. The difference in mean waist, hip and WHR, between the oldest and the youngest age group, is given to indicate the magnitude of the increase with age in each population. In addition, the effect of age was investigated by regression analysis using pooled data from all populations. This was calculated ®rst by adjusting for the population only, that is assuming that the age effect was similar in all populations, but allowing the mean level (intercept) to differ between populations. Next, we added height and BMI into the model, to investigate whether and to what extent the effect of age on waist, hip and WHR was explained by height and BMI.
Multiple regression analysis was also used for assessing the overall effect of height, degree of overweight, age group and population, on waist, hip and the WHR. We wanted to know the contribution of height and BMI, and how much of the remaining variance could be explained by age group Waist and hip circumferences in different populations A Molarius et al and population. Regression models were constructed by adding these explanatory variables one by one into the model. Since BMI has been de®ned so that it is largely unrelated to height, the order in which BMI and height are added into the model should make little difference. Here, height was added into the model ®rst, because it is not a modi®able variable, and then BMI followed by age group and population. In our data, introducing the BMI before height into the model would have decreased the proportion explained by the BMI for waist circumference by 1%, while increasing the proportion explained by the BMI for the WHR by 1±3%. The change in the proportion explained by height would have been the opposite. Height was ®rst introduced as a categorical variable (for each 10 cm) to check whether the association was linear. Based on visual inspection, it was detected that the association was linear, and height was therefore treated as a continuous variable. Likewise, BMI was modelled only with a linear effect, because the second order term for BMI was negligible. Because the effect of age was not linear, 10 y age groups were used instead of age in years. Regression coef®cients were calculated using the general linear model (GLM) procedure of SAS statistical software. 25 The proportions of variation in waist, hip and the WHR explained by the independent variables were derived from the R-square statistics. Finally, to compare the results from the regression analysis based on individual data to those based on population level data, we calculated Pearson correlations between age standardized mean BMI and age standardized mean waist circumference for men and women. These correlations were ecological where each population presented one observation. Table 1 gives the age standardized percentiles, means and s.d.s for waist and hip circumferences and the WHR, the median BMI and height, and the number of observations by population, for the common age range 35±64 y in men and women (explanation of the population abbreviations is given in Appendix 2). Men had higher values of waist circumference than women, whereas there was little difference in hip circumference. Therefore, the mean WHR was higher in men than in women. In men, age standardized mean waist circumference ranged from 83 cm (95% con®dence interval (CI): 82. 6 The WHR, and especially waist circumference, was higher in populations where the median BMI was relatively high compared to other populations, although this was more pronounced in women than in men. The mean values were similar to the medians (50th percentile), except for waist and hip circumferences in women, where the distributions were slightly positively skewed.
Results
Next, we calculated the mean values for waist and hip circumferences and WHR by 10 y age groups for each population. Table 2 gives the mean values in the age group 25±34 y and the difference in means between the oldest and youngest age group. In general, all the measures increased with age. The measure which showed the smallest increase with age was hip circumference in men. In women, the effect of age on waist circumference was stronger in the Czech Republic, Friuli and Novi Sad than in the other populations. Figure 1 shows the population adjusted increase in waist circumference by age, with and without adjustment for BMI and height. In women, the crude effect of age on waist was linear. The increase in waist circumference with age attenuated when adjusted for BMI and height. Because height contributed only a little to this attenuation compared with BMI, it can be concluded that a considerable proportion of the increase in waist by age is explained by increasing BMI, especially in women. Still, there remained a signi®cant (P`0.001) increase in waist (b 4 cm in men and women), which was not due to height or BMI. Figure 2 gives the corresponding effect of age on the WHR. The increase in the WHR with age was more pronounced in the younger age groups in men, whereas it was more pronounced in the older age groups in women. The difference in the effect of age on the WHR between the sexes was statistically signi®cant (P`0.001 for interaction term between gender and age group).
Both height and BMI were positively associated with waist circumference. The results of the regression analyses revealed that height accounted for very little (1% in men and`1% in women) of the variation in waist circumference, whereas BMI accounted for about three quarters (Figure 3,a) . Age group and population explained an additional 5%. Jointly, height, BMI, age group and population, explained 83% of the variation in waist circumference in men and 79% in women. Waist increased by 0.3 cm (s.e. 0.005 in men and 0.007 in women) for each cm of height in both sexes and by 2.4 cm (s.e. 0.01) in men and 2.1 cm (s.e. 0.01) in women for each unit of BMI.
The results were fairly similar for hip as for waist circumference (Figure 3,b) . BMI accounted for 64% and
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A Molarius et al 81% of the variance in men and women, respectively. In men, height and population explained more than they did for waist circumference. Age had no independent effect on hip circumference. Height and BMI explained, however, considerably less of the variation in the WHR than in waist circumference, especially among women (Figure 3,c) . The variation explained by height and BMI together was 32% and 21% for men and women, respectively. The proportion explained by population was higher for the WHR (13% and 7%) than it was for waist and hip circumferences.
Because one study population (Glostrup) emerged as an outlier in analyses of hip circumference, and consequently in analyses of WHR, we calculated the proportions of the variance explained of these measurements, excluding this population. In men, the proportion of hip circumference explained by height (7%) and the BMI (65%), increased slightly, and the proportion explained by population (2%), decreased considerably when this population was excluded. The same concerns the proportions explained in WHR (height 2%, BMI 34%, age group 4% and population 7%). In women, the exclusion of this population had very little effect. Since one population (Czech Republic) measured waist at the level of umbilicus, we carried out the analyses of waist and WHR excluding this population. This changed the proportions explained by height, BMI, population and age group by 1% at most.
The ecological correlations between the age standardized mean BMI and waist circumference was 0.88 for men and 0.85 for women. The variation in waist explained by BMI was thus about the same in the populations level analysis (77% in men, 73% in women) as in the individual level analysis (77% in men, 75% in women).
Discussion
Among 19 populations participating in the WHO MONICA Project, considerable variation in the dis- 
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tributions of waist and hip circumferences and the WHR was observed. The population-speci®c factors (other than the included anthropometric parameters) explained, however, only 13% of the variation in these measures. This small percentage includes both methodological variation and`true' differences between populations. The major determinant of waist and hip circumferences is the degree of overweight, which alone explains about three quarters of the variation. The relation between age and waist circumference was not linear, neither before nor after adjusting for degree of overweight (except in women before adjustment). The age-relation also differed by gender: in men the increase in waist circumference was more pronounced in the younger age groups, whereas in women it was more pronounced in the older age groups. Because data on waist and hip circumferences and WHRs representative of the general population and comparable between populations with varying prevalences of overweight, are not available in the literature, the ®rst aim of this study was to describe the distributions of these measurements among the 19 study populations and to investigate whether there are signi®cant differences in abdominal fat distribution between the populations. Some of the populations did indeed show striking differences in body fat distribution measured by waist and hip circumferences, and WHR. Men in Beijing had low mean waist and hip circumferences and also WHRs, when compared with other male populations, whereas men in Catalonia had relatively high mean WHR and waist circumference, but relatively low hip circumference, compared with other populations. Men in Glostrup had the lowest mean hip circumference and the highest WHR. In women, the Czech Republic had the highest values for waist and hip circumferences, and for WHR. Women in Perth had lower mean WHR than the other female populations and also a relatively low 
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The difference between populations with the highest and lowest age standardized mean value was 13±15 cm for waist and 11 cm for hip circumference.
In some populations men and women showed similar patterns in abdominal body shape, whereas in others they did not. For example, in the Czech Republic, where both sexes have relatively high median BMI compared to other populations, both men and women had high mean waist and hip circumferences and WHRs. In contrast, in Beijing, where both men and women are lean, men had low values of hip and even more pronouncedly low waist circumferences, and therefore a low WHR. Women had small hip circumferences but the waist was not smaller than elsewhere. Thus, the WHR of women in Beijing was relatively high and similar to that of the Southern European women.
For assessing the true differences between populations in body girth measurements, it is crucial that the methods are standardized across populations, since small differences in the anatomical measurement levels can result in very different results. 26 The measurement techniques and the anatomical levels, where the actual measurements have been recorded, have varied considerably in previously published studies, especially the way in which the waist circumference was de®ned. Thus, it has been dif®cult to judge to what extent these circumferences and WHRs really differ between populations. In the WHO MONICA Project, the measurements were based on standardized instructions and the quality of data of these measurements has been centrally assessed. In spite of this, there can still be some variation between the centres, for example, due to between-observer variation. Some studies 27 have reported very high between-observer correlations for waist and hip measurements. Unfortunately it is not possible to assess the magnitude of this effect in this study. One population (Glostrup) was an outlier concerning hip circumference and WHR values, especially among men, even though they applied the standard measurement technique. This may be one example of such between-observer variations. The fact that the Czech Republic measured waist circumference at the level of the umbilicus may have produced results at the higher end of the distribution and they are therefore not directly comparable to those of the other populations. But because it also had the highest values in hip circumference, for which the measurement level was standard, its relative position among the populations is probably justi®ed and only the absolute values for mean waist and WHR may be somewhat overestimated.
The second aim of this study was to assess the effect of degree of overweight and age, on waist and hip circumferences and WHR. Our ®ndings con®rm those of Shimokata et al, 19 that waist circumference and WHR increase with age, independently of the increase in the BMI. Hip circumference increased as well, but to a lesser degree, especially in men. The increase in abdominal fat seems to take place earlier in life in men than women. There were also differences between the populations, with respect to the magnitude of the increase by age. In some study populations among women (the Czech Republic, Friuli and Novi Sad) the effect of age on waist was stronger than in other populations-but this could be explained by a bigger increase in weight with advancing age. In general, about half of the increase with age in waist circumference in men and in the WHR in men and women, and as much as three quarters of the increase in waist with age in women, could be explained by an increasing degree of overweight.
Many other factors, including behavioural, demographic and genetic factors, have been suggested as being linked with abdominal obesity. Behavioural factors such as cigarette smoking (positively) and Figure 1 Effect of age on waist circumference. Unadjusted (adjusted only for population) and adjusted (for population, height and body mass index (BMI)) increase in waist circumference compared with the age group 25 ± 34 y in pooled data from 19 male and 18 female populations in the second MONItoring trends and determinants in CArdiovascular disease (MONICA) survey. Figure 2 Effect of age on waist-hip ratio (WHR). Unadjusted (adjusted only for population) and adjusted (for population, height and body mass index (BMI)) increase in WHR compared with the age group 25 ± 34 y in pooled data from 19 male and 18 female populations in the second MONItoring trends and determinants in CArdiovascular disease (MONICA) survey.
A Molarius et al physical exercise (inversely), have been found to be associated with central obesity. 6, 9, 28 Most of the studies which have assessed the effect of these factors have used the WHR to measure abdominal obesity. For example, Marti et al 18 found that jointly, physical exercise, resting heart rate, alcohol consumption, education and age, explained 18% of the variation in the WHR of Finnish men, while age was the strongest determinant. Laws et al, 29 could explain 21% of the variation in the WHR in men and 16% in women by age, BMI, alcohol consumption, cigarettes smoked per day and exercise (as dichotomous variable). Our ®ndings are more in keeping with those of Haffner et al, 6 who could explain 27% and 13% of the variation in the WHR by BMI in men and women, respectively, and 10% by age, and those of Jones et al, 16 who could explain 47% of the variation in the WHR by the BMI and age in men. The lack of substantial behavioural effects have led some investigators to suggest that body fat distribution might primarily be under genetic control. 6 Genetic epidemiologists have, however, argued that biological inheritance accounts for only a small part of the variation in fat distribution. 30, 31 The proportion of variation in WHR explained jointly by height, BMI, age group and population was 49% in men and 30% in women. This is in agreement with the ®ndings of other studies 6, 16 and reinforces the fact that the WHR is dif®cult to interpret biologically. While waist circumference measures predominantly abdominal (both intra-abdominal and subcutaneous) fat, hip circumference can re¯ect many different aspects of body size, such as body frame, muscles and subcutaneous fat. When these two measures are combined as a ratio, any individual value of WHR can be heterogeneous regarding waist and hip circumference and also regarding the amount of intraabdominal fat for which WHR is used as a proxy.
In this study, the proportion of variation explained by the BMI was very high for waist circumference (77% in men, 75% in women), but only moderate for the WHR (31% in men, 18% in women). The latter is natural because if two measures, which are both predominantly explained by the BMI, are combined as a ratio, the proportion explained by the BMI is far less for the ratio than for the individual variables. Although waist circumference and WHR are both used as indicators of abdominal obesity, they seem to measure different aspects of the human body: waist circumference mainly re¯ects the degree of overweight, whereas the WHR does not. Even though the results of hip circumference were fairly similar to those for waist circumference, hip circumference seems to measure slightly different things in men and women. While in women it re¯ects mainly body fat (81% explained by the BMI), in men it also seems to re¯ect body structure (6% explained by height).
Some investigators have argued that waist-height ratio (WHTR) shows stronger associations with intraabdominal fat 32 and cardiovascular risk factors, 33 than waist circumference. In the present study, as well as in others, 34 there was almost no association between waist circumference and height. The interpretation of the WHTR is complex because it may re¯ect variation in waist and in stature. For these reasons we did not calculate WHTRs in this study.
Conclusion
In summary, we found considerable variation in waist and hip circumferences and the WHR, among the 19 MONICA populations. The predominant determinant of waist circumference, was degree of overweight, while most of the variation in WHR remained unexplained by demographic and anthropometric variables.
